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Coated vesicles are key components of the machinery of vesicular transport used by eukaryotic cells. In
a recent story published in Science, Faini et al. (2012) report on the detailed 3D structure of a synthetically
generated COPI vesicle coat obtained using cryoelectron tomography.The vesicular transport system that has
evolved in eukaryotes has been the
focus of much research over some four
decades. Our fascination with this field
lies at many levels; mechanisms of vesic-
ular transport are involved in a wide
variety of important processes including
protein secretion, nutrient uptake, neuro-
transmission, signaling, and develop-
ment. In addition, the vehicles of this
transport system—the cellular equiva-
lents of buses and trains—are much
more sophisticated than their mechanical
counterparts. Called ‘‘coated vesicles,’’
they are composed of lipid vesicles sur-
rounded by a specialized coat of protein,
which, together with a network of acces-
sory proteins, performs multiple roles.
This machinery participates in selection
of vesicle contents, timing of vesicle
formation, and targeting of the vesicle to
its destination and delivery of its contents.
This is all achieved in a fluid and reversible
manner, without the hitches and traffic
jams we experience day to day.
The cell biology of vesicle transport has
been studied extensively, but it is hard to
truly understand a process without being
able to visualize the protein structures
involved. A combination of cryoelectron
microscopy and X-ray crystallography
has provided detailed 3D structural
information on the major coat proteins in
clathrin- and COPII-coated vesicles and,
more recently, on COPI (e.g., Lee and
Goldberg, 2010; Stagg et al., 2008;
Fath et al., 2007; Fotin et al., 2004;
Wilbur et al., 2010). However, no similarly
detailed structure has been obtained in
the presence of the lipid vesicle, which
performs such a key role in the cellular
context.Now Faini et al. (2012), in their recent
article in Science, have obtained a cryoe-
lectron microscopy structure at 26 A˚
resolution of COPI in coated vesicles
containing lipid. With lipid present, the
structures that are formed do not have
the precise regularity that protein-only
cages can adopt and so were not
amenable to single-particle image pro-
cessing methods. Instead, Faini et al.
have used the technique of cryoelectron
tomography to obtain 3D structural infor-
mation. With this technique, a single
sample is imaged multiple times at a
series of different tilt angles, and a 3D
reconstruction of the data is calculated.
Because the images are collected on the
same field of view, this method does not
require multiple particles with identical
structures to be collected and averaged.
This increases the range of samples that
can be analyzed, but imaging a frozen
biological specimen multiple times in an
electron microscope results in significant
radiation damage from the electron
beam and limits the resolution that can
be obtained. To overcome this obstacle,
Faini et al. have performed averaging
operations using similar 3D structures
(subtomograms) found within the main
tomogram. By taking this approach, Faini
et al. obtained structures of COPI-coated
vesicles to a resolution that goes far
beyond what might be expected from
a tomographic technique and allows us
to see the COPI protein coat in detail as
it interacts with its lipid component.
The COPI-coated vesicle structures
observed by Faini et al. adopt multiple
structural arrangements. Faini et al. iden-
tify repeating units within these struc-
tures, termed ‘‘leaves.’’ The leaves areDevelopmental Cfound in a 3-fold symmetrical arrange-
ment on the vesicle surface, termed
a ‘‘triad.’’ Each leaf has a similar size
and shape to a whole coatomer complex.
Further investigation of the arrangement
of the triads around the vesicle showed
the triads to be capable of ‘‘variable
valency’’ in that they can form either
homotrimers or homodimers. The authors
point out that such flexibility of interaction
allows COPI-coated vesicles to accom-
modate cargoes of variable size. Clathrin-
and COPII-coated vesicles also have the
property of accommodating a variety of
sizes, but their mechanism for achieving
this is different. In both clathrin and COPII
cage structures, the same number of
subunits comes together at each vertex.
The conformational flexibility that permits
the formation of cages of variable size
is mediated either through bending of
subunits, as in the case of the clathrin
‘‘leg’’ domains (Musacchio et al., 1999),
or through the ability of interacting
subunits to rotate against one another,
as in the case of the interaction of the
WD40 domains of COPII (Stagg et al.,
2008). In both these cases, the effect is
to permit a change in cage vertex angles,
which define the geometry of the cage
and so determine whether a face is
a triangle, square, pentagon, or hexagon.
So how has the presence of lipid
contributed to these structures? Whereas
it is possible to find almost perfectly
formed cage structures with protein-only
assemblies of clathrin and COPII, Faini
et al. often observe lack of symmetry in
the way the COP1 triads are arranged
and see areas devoid of COPI triads on
the vesicle. At sites where the vesicle
can be seen to bud, there are also gapsell 23, July 17, 2012 ª2012 Elsevier Inc. 9
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Previewsin the distribution of COPI, leading the
authors to observe that these bald areas
might be budding ‘‘scars’’ and to suggest
that a complete COPI coat need not
necessarily form before the vesicle can
detach. Thus, it seems that, in the argu-
ably more real situation of coat formation
in the presence of lipid, perfect regularity
of structure is less evident and is clearly
not required for the coat to form and bud
off. This is a lesson to structural biologists:
although it is often desirable to seek out
regular arrays in order to enhance the
resolution that can be obtained, in so
doing we risk moving too far from the
organized chaos of biological reality and
so lose sight of what the structure actually
contributes.
The work of Faini et al. shows us the
value of using subtomogram averaging
in the analysis of cryoelectron tomog-
raphy data. By achieving structural reso-
lution beyond 30 A˚, detailed conclusions
as to the arrangement of protein assem-
blies in this complex biological system
could be drawn. Now the way is paved
for similar studies that include membrane
in the structure determination of clathrin-
and COPII-coated vesicles. While model
systems are both intriguing to work with
and provide valuable insights, the pros-
pect of studying the structures of these
and other transport vesicle systems10 Developmental Cell 23, July 17, 2012 ª20such as caveolae or the newly emerging
clathrin-independent forms of vesicle
transport in cells now presents itself. If
such improved resolution as we have
seen here could be coupled with specific
labeling of the individual proteins in-
volved, real insights as to the role of these
less-understood transport mechanisms
will emerge.
In summary, Faini et al. have provided
us with an intriguing picture of this third
class of coated vesicle. These assemblies
all have the ability to coat vesicles, and
therefore contents, of any size, suggest-
ing this property of size flexibility to be
important in their evolution. In addition,
all three types of coated vesicle dis-
cussed so far are subsequently uncoated
either through Hsc70 and auxilin, in the
case of clathrin-coated vesicles (see Un-
gewickell and Hinrichsen, 2007 for
review), or through the action of small
GTPases, Sar1 and Arf1, in the case of
COPII and COPI (Tanigawa et al., 1993;
Antonny et al., 2001). The cycle of coating
and uncoating is rapid and strictly regu-
lated, permitting the cell to exert tight
control over these three distinct transport
mechanisms. Both of these properties
indicate the importance of flexibility and
adaptability to the process of vesicle
formation, enabling control of the process
to be coordinated at multiple levels12 Elsevier Inc.and precise tailoring of the timing and
nature of vesicle transport to the needs
of the cell.REFERENCES
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